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Integrating approaches in limnological research: From basic to applied
and from empirical to theoreticalThis special issue of Limnologica is dedicated to
Prof. Ju¨rgen Benndorf on the occasion of his retirement
from his administrative duties as head of the Institute
of Hydrobiology, TU Dresden, but surely not from
science. When we, members of his Limnology work
group, thought about which kinds of activities might be
appropriate on this occasion, compiling a special issue in
Limnologica was a kind of natural choice. Ju¨rgen
Benndorf joined the editorial board of Limnologica
about 30 years ago and still continues to serve as one of
the inﬂuential editors of the journal. He played a leading
role in the process to establish Limnologica as a much
respected international journal for reporting original
ﬁndings in limnological research as well as discussions
and essays that develop limnological ecosystem theory
and ecotechnological management of lakes, reservoirs
and rivers.
From the beginning it was our intention that the
special issue should cover the whole breadth of Ju¨rgen
Benndorfs research interests, certainly including food
web interactions and top-down control not only in
standing, but also in running waters, ecology and
ecophysiology of cyanobacteria and ecological model-
ling as a tool for hypotheses testing and water quality
management. In reﬂecting his research philosophy, the
special issue should also provide a close relation between
fundamental research and applied aspects, a relation
working in both directions equally, and cover a range of
approaches from empirical to theoretical. This was, of
course, difﬁcult to plan. But when we began disseminat-
ing the idea for this special issue among former and
recent staff of his work group and colleagues from other
institutes, we received lots of positive responses and
began to gain conﬁdence that things might go into the
right direction. Now, at the end of this process, we are
happy to note that the selection of papers presented here
indeed fulﬁls to cover virtually every aspect we had
considered important to an extent we would never have
dared to hope for.
We are grateful to all authors for their willingness to
contribute and for providing just the right (in the sensee front matter r 2008 Elsevier GmbH. All rights reserved.
no.2008.07.003outlined above) mixture of topics and approaches in
manuscripts of high quality. Even more contributions
would have been possible, if more time and space would
have been available. Thanks also to Rainer Koschel and
Edith Tesch from the editorial ofﬁce of Limnologica for
their support. Each of the manuscripts accepted for
publication has undergone at least two rigorous peer
reviews and revisions. Special thanks are due to the
reviewers who did a great job and made valuable
suggestions which signiﬁcantly improved the manu-
scripts.
In the following section, we will try to put each of the
contributions to this issue into perspective with respect
to the research topics covered by Ju¨rgen Benndorfs
work group. In so doing, we will highlight some of the
issues he has been working on, but certainly not give a
complete review of his research activities. Food webs,
especially pelagic ones, have been studied in his work
group from ﬁsh to bacteria, considering direct and
indirect interactions, biotic and abiotic factors. This line
of research is probably best exempliﬁed by the long-term
biomanipulation experiment carried out in Bautzen
Reservoir from the middle of the 1970s until 1999 which
to date resulted in more than 70 papers in peer-reviewed
journals and is additionally featured in this special issue
by the cover photo. The paper by Wagner (2008) adds to
this body of literature by giving an interesting example
of the complex effects of environmental variables on
food web interactions.
The food web perspective which was central to the
wide variety of topics covered within Ju¨rgen Benndorfs
work group is reﬂected in virtually all contributions of
this special issue. Several papers speciﬁcally deal with
food web properties. Most prominently this is the case in
Mehner et al. (2008), where a test of several food web
hypotheses is carried out based on data from an oligo –
mesotrophic lake. Trolle et al. (2008), using a food web
model, explore the effects of reduced nitrogen loading
on water quality criteria of a deep lake. In a somewhat
similar approach, Janse et al. (2008) determine critical
phosphorus loadings of shallow lakes for switching
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state. Van Donk et al. (2008) consider implications for
the food web of lakes undergoing re-oligotrophication.
Speciﬁcally, they explore the potential impacts on food
quality for grazers which due to the anticipated increase
in C:P ratios might lead to a stoichiometric bottleneck
for top-down control. Gulati et al. (2008) review failures
and successes of food web manipulations and explore
possibilities for additional ecotechnological measures to
be applied with a focus on shallow lakes.
Another series of papers, more focussed on speciﬁc
taxa or communities (indeed ranging from ﬁsh to
bacteria), either consider bottom-up or top-down
impacts (or both) or explicitly refer to food web
implications. The top trophic level in pelagic food webs
is studied by Scharf (2008) who reports on the manage-
ability of the ﬁsh stock in a deep reservoir by stocking
predacious ﬁsh with, unlike experiences from many
other systems, encouraging results. Kahl et al. (2008)
found a strong effect of water-level ﬂuctuations on the
recruitment success of roach, the dominant planktivor-
ous ﬁsh species in many European lakes. They suggest
that this mechanism can be used by water managers as
an additional tool for biomanipulation. A link between
ﬁsh and zooplankton is provided by Rinke and Petzoldt
(2008). They combine proximate and ultimate factors in
an individual-based model of vertical migration of
Daphnia, the ultimate factor being represented by ﬁsh
biomass. Daphnia grazing on Asterionella was studied by
Wagner (2008) who found that light limitation during
winter has strong effects on the edibility of this colony
forming diatom. Horn and Horn (2008) conclude from
long-term investigations that the autotrophic picoplank-
ton is mainly top-down controlled during the season
irrespective of the trophic state of the system. Baumert
and Petzoldt (2008) propose a closed theory of
phytoplankton growth, photoacclimation and photo-
synthesis in dependence of temperature, irradiance and
nutrients. Coming back to more applied aspects,
Kasprzak et al. (2008) analyse empirical relations
between chlorophyll content and phytoplankton biovo-
lume and provide improved conversion formula. An-
other aspect in phytoplankton ecology covered here is
the production of toxins, mainly by cyanobacteria.
Ja¨hnichen et al. (2008) model the dynamic relation
between microcystin production and growth rate of
cyanobacteria in accordance to empirical ﬁndings.
Baumann and Ju¨ttner (2008) found relatively stable
oligopeptide patterns in Planktothrix rubescens during
mass developments and report an incidental indication
that these protease inhibitors might have played a role
for a mass mortality of Daphnia. Kamjunke and Tittel
(2008) provide a link between bacteria and phytoplank-
ton by examining leucine uptake by phytoplankton.
They show that several algae are capable of removing
leucine to equally low concentrations as bacteria. Ro¨skeet al. (2008) study the bacterial community in the
bottom sediment of a reservoir in relation to sediment
chemistry.
A contribution which certainly falls outside this
pelagic food web perspective is the paper by Koop
et al. (2008). These authors explore the possibility to use
analyses of energy reserves of benthic invertebrates of a
large river as a tool in environmental assessment. This
paper thus represents studies on lotic systems which
became increasingly important in the Limnology work
group in recent years. It is also a nice example of
combining fundamental and applied aspects in research.
Arranging all contributions on a gradient from funda-
mental to applied science would result in a continuous
spectrum, something which very much reﬂects the
research strategy Ju¨rgen Benndorf has put forward.
On the applied side of the spectrum one would ﬁnd the
study by Paul and Pu¨tz (2008) on suspended matter
elimination in a pre-dam which was speciﬁcally mana-
ged with respect to storage level (affecting retention
times). The development of guidelines and technical
standards for the design and operation of pre-dams as a
means to control eutrophication in the main dam
represents an example of a very fruitful cooperation
between the Institute of Hydrobiology and water
managers; fruitful not only with respect to results
obtained (Paul and Pu¨tz, 2008), but also concerning
funding and job opportunities.
The food web perspective generally adopted by
Ju¨rgen Benndorfs work group has several important
implications for the research strategy. To establish and
keep the empirical foundation of food web research it
should be based on extensive, and at best long-term,
ﬁeld observations, long enough at least to tell apart
patterns from single events. Such long-term (at least in
relative terms) data sets themselves allow unravelling
some of the mechanisms behind the observations. Many
examples for this approach are included here (Baumann
and Ju¨ttner, 2008; Horn and Horn, 2008; Kahl et al.,
2008; Kasprzak et al., 2008; Koop et al., 2008; Mehner
et al., 2008; Ro¨ske et al., 2008; Scharf, 2008). Often,
however, it will be necessary to perform experiments
(at whatever scale, whole-lake, mesocosm or, as
represented by Kamjunke and Tittel (2008), in small-
scale laboratory experiments) or to combine ﬁeld
observations with experimental (Wagner, 2008) or
modelling (Paul and Pu¨tz, 2008) approaches when
aiming at a mechanistic understanding. The use of
modelling approaches for generating and testing hy-
potheses, to synthesise knowledge and additionally
enabling predictions has a long-standing tradition in
Ju¨rgen Benndorfs work group. While striving for an
optimal balance between simplicity and complexity such
models typically were both based on ﬁrst-order princi-
ples and well connected to empirical variables. A set of
‘‘small’’ models dealing with speciﬁc mechanisms or
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(2008), Ja¨hnichen et al. (2008), Rinke and Petzoldt
(2008). Another class of models typically applied also in
a more applied context are complex ecosystem models to
which Ju¨rgen Benndorf contributed pioneering work
(Benndorf and Recknagel, 1979, 1982) and which is still
a major line of research in the Limnology work group
(e.g. Petzoldt et al., 2005; Rolinski et al., 2005). This
type of models (using independently developed models
with diverging speciﬁcations) is represented here by
Trolle et al. (2008) and Janse et al. (2008). Both
contributions shed light on different aspects related to
threshold nutrient loadings determining the feasibility of
ecotechnological measures to improve water quality, a
concept proposed by Benndorf (1987, 2005, in press).
These methodological considerations are certainly in-
complete without mentioning the use of literature
reviews to conceptually synthesise available knowledge
and identify gaps impeding progress in certain ﬁelds of
science. In many cases such reviews provided an
important impetus for further research. For the ﬁeld
of biomanipulation the review by Benndorf (1990),
being one of his most cited papers, might represent an
example for this. Notably, this review appeared in the
highly inﬂuential special issue ‘‘Biomanipulation, tool
for water management’’ edited by Gulati et al. (1990).
The ﬁrst and the last of this list of editors both
contributed reviews here (Gulati et al., 2008; van Donk
et al., 2008).
It would be far-fetched to expect that this special issue
might become as inﬂuential as the above-mentioned
issue on biomanipulation. But we certainly hope that the
papers included here stimulate further research in their
respective ﬁelds, ﬁelds to which Ju¨rgen Benndorf
contributed up to now and will continue to do so in
the time to come. We hope he enjoys reading this
compilation and look forward to stimulating discussions
on the issues addressed. Finally, we wish him all the best
for this new phase of his life.
The guest editors, Stephan Hu¨lsmann, Thomas
Petzoldt, Sabine Ja¨hnichen, Susanne Rolinski and
Rainer Koschel (Managing Editor).References
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